Map projection is required for modeling the earth from sphere into flat form. Out of so many types of projection systems, Universal Transverse Mercator (UTM) is the most common map projection system used in Indonesia. The concept of for 1: 250,000 scale and  1: 50,000, Eckert II projection system for 1: 25,000 scale and Equal-area Conic Albers Standard projection system for scale 1: 5,000.
I. INTRODUCTION
The map is a model of the earth's surface in a flat form which produced through a particular projection process. Map projection is a systematic transformation of the latitude and longitude position of a point on the earth's surface into a flat form [1] . These transformation process from three into two dimensions cause distortion on the angle (conform), distant, and area. The projection system is distinguished by projection form as well as undistorted or defended elements. It can be a plane, cylinder, or cone.
There are now many known types of projection systems ( Table 1 ). The projection of the map is designed for a specific purpose, for example a projection system is used for largescale small areas while other projection systems are used for small-scale worldwide scopes [2] . The selection of the projection system needs to be adjusted to its needs and objectives whether to maintain shape, distance between points, or area. For example, maps created for navigation purposes generally use conformed projections to maintain angles. However, conformed projections provide great distortion in the extent of areas close to the poles. Greendland's area is one-eighth of South America's width, but on Mercator's projection map, Greenland actually looks bigger [3] .
So far, the map projection system commonly used in Indonesia is Universal Transverse Mercator (UTM). The UTM divides the earth's surface into several zones, with a zone width of six degrees, each mapped using the Transverse Mercator (TM) projection with the central meridian in the center of the zone. Minimal distortion in each zone is located in the central meridian. The further away from the central meridian, the greater the distortion. Mercator projection system is used to maintain the angle so that there will be distortion on the area and distance. This becomes a problem if these projections are used for calculation purposes that require minimum distortion, especially on large areas consisting of several zones on the map on a large scale. In relation to the UTM map projection system, Indonesia is divided into nine zones ranging from 46 to 54, both North and South. Snyder [4] recommends a cylindrical equal-area, equatorial lambert, and azimuthal equal-area projection system for the minimum distortion in Asia and Australia with an earth record assumed to be ellipsoid-shaped primarily for smaller areas or larger scales.
Based on these problems, this study is conducted to determine the effect of map projection system on the area of a region based on the map scale and what is the comparison of UTM projection result with other system. It is also to find out which projection system is suitable for Indonesia to produce minimum distortion.
II. METHOD
This study used samples in geodetic coordinates on the ellipsoid adjusted for its scale. The map scale used is 1: 250,000, 1: 50,000, 1: 25,000, and 1: 5,000 with dimensions as in Table 2 . The sample location used was the west longitude position taken at longitude 102 o East and the latitude position is divided starting from the latitude 0o to 10o. This was done due to study the effect of distortion trough the location when it goes away from the equator. The flow of this research can be seen in Figure 1 . The software used is Matlab R2014b. There are 72 projection systems used in this research ( Table 3) with different forms and elements. It was used in this study by defining the earth on the ellipsoid shape. The reference ellipsoid used was WGS84 with the parameter of semi-major axis = 6378137 m, semi-minor axis = 6356752.3 m, and flattening = 1 / 298.257223560 [5] .
The area calculations based on the projection system were then validated using the area of polygon of ellipsoid. Validation is conducted by calculating the residuals between the counting area and the polygon area in each area and scale specified. The optimum result was the minimum value of the sum of squares of the residue. 
III. RESULT AND DISCUSSION
The result of the residual calculation of each projection system at each scale is presented in Table 3 .
Based on these results (Table 3) , there were eight projection systems with minimum residual values, i.e. rows with a darker color. It was found that there was no single projection system that was suitable for all locations. Each map scale had its own projection system that would provide the area minimum distortion. On a scale of 1: 250,000 and 1: 50,000, the best projection system was Collignon. The Eckert II projection system provides optimum results for wide calculations on a 1: 25,000 while Equal-area Conic (Albers) -Standard for a scale of 1: 5,000. These three projection systems used an equal-area type in which the system is designed to maintain a large area due to minimize the distortion. Collignon projection systems [7] and Eckert II [8] use pseudocylindrical projection fields while Equal-area Conic Albers Standard uses conical projection fields [4] .
Comprehensively, UTM projection system has not been optimally used for area calculations because of considerable distortion compared to other projection systems. On a large scale (1: 5,000), the area of ellipsoid is about 3.401 km2. The distortion for one sheet map width with UTM projections reaches 6,525.401 m2. While for the same scale, the distortion in the Equal-area Conic (Albers) projection system -Standard is only 0.018 m2 or Collignon and Eckert II of 0.059 m2. On a small scale (1: 250,000), UTM provides a distortion of 15,074 km2 compared to the ellipsoid area of 18,353,375 km2. While projected Collignon, Trystan Edwards Cylindrical, Eckert II, Gall Orthographic [9] , Balthasart Cylindrical, Cylindrical Equal Area, Lambert Cylindrical, and Behrmann Cylindrical [10] only distorted 320,327 m2. More about the distortion of projection systems on each scale can be seen in Table 4 , with the area in the ellipsoid area shown in Table 5 . Dark colors indicate distortion in the optimum projection systems at each scale.
For the UTM projection, the longitude position taken as the sample in this study was not in the central meridian but the furthest from the central meridian so the distortion is the maximum distortion that can be produced. After tested using the centroid meridian, which is in the longitude position 105 o , the distortion was still much larger than the other eight projections. However, from the percentage scale view (Table  5) , the distortion in the UTM projection becomes less significant as the range was only range from 0.082% to 0.192% (larger scale, greater distortion) compared to the ellipsoid. For the other eight projections, the percentage is almost negligible.
The use of UTM as a projection system on a map divided into several map sheets numbers can be tolerated. However, if it is used to calculate the entire area of Indonesia, the UTM projection system needs to be reconsidered. As a rough idea, on a scale of 1: 250,000 Indonesia has 309 pieces of NLP. If it calculated roughly, then the distortion can reach to 25% of the total area of Indonesia on ellipsoid. Nevertheless, a scale of 1: 50,000, the total map sheet is 3,901 pieces so the distortion can be very large if the area is calculated using UTM projections. Instead, the other eight projections for the scale of 1: 250,000 produce a distortion of 5.393E-04% and for 1: 50,000 just reach 6.809E-03%. The division of an area from latitude 0 to 10 degrees gives the information that as the greater distance from equator gives the smaller distortion projection for the Collignon, Eckert II, UTM, and Equal-area Conic (Albers) -Standard systems on each scale.
IV. CONCLUSIONS
Based on this study, for the calculation of Indonesia territory area, the minimum distortion on the 1: 5.000 scale map is the Equal-area Conic Albers Standard projection system. The effect of Equal-area Conic Albers Standard projection system of area distortion is 0,018 m 2 on ellipsoid area of 3,401 km 2 . 1: 25,000 (medium scale) should use Eckert II projection system. The area distortion is 3,339 m 2 on ellipsoid area of 191,315 km2. While the optimum projection system for the scale of 1: 50,000 and 1: 250,000 are Collignon. Collignon's projection system has an area distortion of 13,355 m 2 on ellipsoid area of 765,186 km 2 for 1: 50,000 (medium scale). For 1: 250,000 (small scale), the area distortion is 320,327 m 2 on ellipsoid area of 18,353,375 km 2 . UTM projections are still optimally used for each map sheet but not to calculate the area throughout Indonesia. 
